Introduction
Biotinidase is the enzyme responsible for recycling biotin through biotinyl hydrolase and biotinyl transferase activities that carry out recycling of biocytin to biotin and lysine at acidic pH, transfer of biocytin to nucleophilic acceptor proteins (histones) at physiological or alkaline pH respectively. [1] Biotin is an essential water-soluble vitamin and is the coenzyme for four carboxylases necessary for normal metabolism in humans: pyruvate carboxylase, propionyl-CoA carboxylase, alpha-methylcrotonyl-CoA carboxylase, and acetyl-CoA carboxylase. [2] Infants with biotinidase deficiency appear normal at birth, but develop critical symptoms after the first weeks or months of life. Symptoms include hypotonia, ataxia, seizures, developmental delay, alopecia, seborrheic dermatitis, hearing loss and optic nerve atrophy. [3, 4, 5] Metabolic acidosis can result in coma and death.
With early diagnosis and treatment, all symptoms can be prevented. [6] The diagnosis is commonly based on colorimetric method developed by Heard et al using a biocytin analogue, Biotin-4-amido benzoic acid, which is hydrolyzed to 4-amino benzoate in the presence of biotinidase. [7] Yamaguchi et al [8] and Gonzalez et al [9] have developed quantitative and qualitative methods for estimation of biotinidase using dried blood spots. Here we describe a micro-method for quantitation of biotinidase using dried blood spots and compare the results obtained with plasma biotinidase values and Yamaguchi et al method. 
Methods

A) Plasma Biotinidase
Substrate solution containing 0.15mM Biotin-4-amido benzoic acid in 50mM potassium phosphate buffer (pH: 6.5), 0.25% bovine serum albumin (BSA) and 0.1mM ethylenediamine tetraacetic acid was prepared. To 100l of plasma/serum, 800l substrate solution was added and incubated at 37C for 30 min. The reaction was stopped by adding 200l of 30% tricholoro acetic acid (TCA) and standing for 10min completed hemoglobin denaturation. For blank, only substrate alone was incubated and reaction was stopped by addition of TCA. Then plasma/serum was added. Both test and blank tubes were mixed by vortexing followed by centrifugation at 2500 RPM/5min at 4C. Eight hundred l portions of clear supernatant solution were taken in separate test tubes. For the coupling reaction, 100 l of each of the following reagents was added sequentially in 3min intervals: 0.1% sodium nitrite, 0.5% ammonium sulfamate, 0.1% N-1-naphthylethylenediamine dihydrochloride. After 10min, the absorbance was measured at 540nm. The molar extinction coefficient for para -amido benzoate is 18.89. A factor of 9.51 was obtained to correct for dilution, incubation time and molar extinction coefficient. Multiplying the difference in the optical densities of test and blank with 9.51 gives the concentration of the test in nmol/min/ml. All the samples were tested in duplicates and average of both the assays was considered for final data.
B) Blood Spot Biotinidase
Blood spots were collected on S&S 903 filter paper and air dried. Using punching machine 3mm discs were punched from each spot and collected in a micro-titer well. Positive and negative controls were also punched similarly and collected in respected micro-wells. To each spot 100l substrate solution was added and incubated at 37C for 6 hrs. The reaction mixture was made uniform by shaking on a plate shaker. An aliquot of 60μl was taken into a separate micro-well and the reaction was stopped by adding 60l of 5% TCA. Hemoglobin denaturation was completed by incubating for 10min at 4C. These tubes were centrifuged at 3500 RPM/10min at 4C. 80l portions of clear supernatant solution were taken in separate test tubes. For the coupling reaction, 25l of each of the following reagents was added sequentially in 5min intervals: 0.1% sodium nitrite, 0.5% of ammonium sulfamate, 0.1% N-1-naphthylethylenediamine dihydrochloride. After 10min, the absorbance was measured at 540nm with background wavelength correction at 655nm. All the samples were tested in duplicates and average of both the assays was considered for final data.
For complete denaturation of hemoglobin in plasma 30% TCA is commonly used. While standardizing for blood spot we tried different concentrations such as 30%, 25%, 20%, 15%, 10%, 5% and 3%. With concentrations from 30% to 10% the intensity of purple color was very high and the optical densities were greater than 1.0 and Beer-Lambert's law cannot be applied. False-positivity was more while using 3% TCA. 5-7% TCA was found to be appropriate for blood spot analysis.
III. Results And Discussion
Establishing The Correlation Between Plasma Biotinidase And Blood Spot Biotinidase
Based on the values obtained from 35 normal subjects both in plasma and blood spot simple regression analysis was done and an equation was deduced to predict the plasma values for specific blood spot values and vice versa. The equation obtained was as follows: Plasma Biotinidase in nmol/min/ml =0.8233 + [18.4755 (Blood spot OD 540 -OD 655 )]. The correlation coefficient was 0.86. (Fig 1) The normal range obtained for plasma biotinidase assay was 4.76-10.77 nmol/min/ml. The mean activity  SD for normal subjects was 6.94  2.34 nmol/min/ml. The normal range of OD 540 -OD 655 corresponding to blood spot biotinidase activity was 0.2-0.45. Application of the above equation for conversion gives the normal range as 4.52-9.14 nmol/min/ml, which is fairly in agreement with the plasma values. The mean OD 540 -OD 655 for normal subjects was 0.33, which on conversion gives a value of 6.92 nmol/min/ml.
Reproducibility
The intra assay CVs were in the range of 2.8% to 3.2% for plasma/serum and 1.5 to 9.3% for dried blood spots. The inter assay CVs were in the range of 3.3 to 4.7% for plasma/serum and 2.5 to 9.5% for dried blood spots.
Stability of Biotinidase activity in Blood Spot
Dried blood spots from all the 35 normal subjects were periodically analyzed for 10 days in three sets: the first set stored at ambient temperature, the second set stored at 4C and the third set stored at -20C. Paired ttest was conducted taking day 1 data as the reference and day 2, day 3, day 4, day 5, day 6, day 7 and day 10 data as the second continuous variable. Differences in the mean values were converted into % activity of
